Introduction
Occasionally, insufficient transient test data are available for analysis using semiiogarithmic i plotting methods. This usually happens when data collection stops before wellbore storage (afterflow) has become negligible. Under those circumstances, the semilogarithmic straight line does not develop, and common semilogarithmic analysis methods cannot be used. When such methods cannot be used, the engineer either obtains no information from the test or must use the available, short-time data to estimate reservoir characteristics. This paper presents a technique for the approximate analysis of such short-time transient test data. The method applies to buildup, falloff, drawdown, and injectivity tests when wellbore storage effects are important. It should not be used if data can be analyzed by more conventional, semilogarithmic plotting methods.
It has long been recognized that wellbore storage (afterfiow) can impede pressure transient test analysis. 2,3 Several ways have been suggested for determining when well known semilogarithmic techniques can be used for transient test analysis. I, 3, 4 Gladfelter et al. 3, I and Russell" present calculational methods for analyzing the portion of transient test data influenced by wellbore storage. Curve matching 7 -12 and regression techniques '3 have also been proposed for accomplishing such analyses.
All these methods have disadvantages. The techniques presented by Gladfelter et aI. 5 Russell,6 and Earlougher and Kersch 13 utilize either trial-and-error analysis or require that the afterflow schedule be calculated, or both. These approaches are tedious and not always successful.
In spite of its disadvantages, curve matching seems to be the most promising of the methods, particularly for the engineer who does not have a computer available. Cooper et aI. 7 present type curves and an analysis technique for specific flow and injection tests with the well shut in before testing. At the start of the test, the pressure instantaneously changes to some new value. Then both pressure and flow rate vary during the test. The Cooper-Bredehoeft-Papadopulos type curves are useful for analyzing data taken during the flow period of a drills tern test. 11 ,12 Agarwal et aI.9 point out that neglect of the skin effect makes the Cooper-Bredehoeft-Papadopulos type curves of dubious value. In any case, those curves do not apply to the more common transient testing situations: buildup, falloff, injectivity, and drawdown. Ramey8 and Agarwal et aI.9 suggest type-curve matching for these kinds of transient tests. They present applicable type curves that form several families of curves with skin factor and wellbore storage coefficient as parameters. Ramey's curve-matching method requires that the data plot be slid both horizontally and vertically to obtain a match. This feature and the fact that the curves have very similar shapes make the matching technique difficult to use unless there are data at least onto the start of the semilog straight line.
McKinleylO uses a similar approach, but with a different kind of type-curve plot. He plots his type curves so there is only one family of curves and It concludes that the Ramey curves gave good results in about two-thirds of the cases, and that the McKinley curve gave good results in about 40 percent of the cases -but that neither method was very good by itself. Our experience indicates that any type-curve matching technique is less accurate than semilogarithmic analysis methods. This applies to techniques already in the literature as well as the one presented here. We propose using a type-curve matching analysis only as a last resort, when it is clear that a test has been run for insufficient time to be analyzed in better, more accurate ways.
Changes in the wellbore storage coefficient have been shown to have a significant effect on the earlytime pressure response during a well test. 16 The type curves presented in this paper and elsewhere s -1o are valid only if the wellbore storage coefficient stays constant throughout the test.
We calculated the same kind of data presented by Ramey, 8 Agarwal et al., 9 and McKinley"O to construct type curves that should allow better type-curve analysis than presently available. The type curves included in this paper provide the following advantages:
1. There is only one family of curves; 2. The match is essentially in one dimension. Most of the match is performed with horizontal sliding only, although slight vertical corrections can be made to improve match accuracy; 3. They allow for estimating skin factor; 4. They include the effects of porosity, compressibility, and wellbore radius. In spite of these advantages, the approach should be used only when semilog analysis techniques cannot be used because a transient test has been too brief for wellbore storage effects to become insignificant. The formation permeability (or kh/ fl.) calculated by this technique is usually correct within a factor of 2 or 3; the skin factor calculation is qualitative, indicating the approximate degree of damage or improvement. The curve-matching method requires that formation porosity and thickness, fluid viscosity and compressibility, and wellbore radius be known or estimated.
Six examples illustrating the type-curve matching technique are included. They employ actual field data and computed data (taken from the literature) to show that the technique gives satisfactory results.
The Type-Curve Matching Method

Type Curves
The theoretical reasoning behind the type-curve plot-794 ting used here is explained in the Appendix. Fig. 1 shows the type curves used in the curve-matching method. * The dimensionless wellbore storage coefficient used in Fig. 1 where standard SPE nomenclature and field units are used.
The parameter on the curves in Fig. 1 6 .1 (hr) on the abscissa of log-log paper of the same size as Fig. 1 . We normally place tracing paper over 2. Estimate the wellbore storage coefficient expected from completion details by using
for a completely fluid-filled wellbore, or
(1~4 :J (4) for a wellbore with a rising or falling liquid level. 3. Calculate the location of the horizontal asymptote on the data plot:
The quantity on the left-hand side of Eq. 5 is the value of 6.p/6.t observed on the data plot when 5. Slide the data plot horizontally until the best match is obtained with one of the curves on Fig. 1 . To get a good match it may be necessary to add a slight amount of vertical movement to the data plot. In any case, it is important that the grids of the two type curves be kept parallel to each other.
6. Sketch the matched curve onto the data plot. From Fig. 1 read the value of ( CD e2.) 
These values are used in estimating transmissibility, skin factor, and wellbore storage coefficient.
7. If any vertical movement was necessary during the curve-matching process, recalculate the wellbore storage coefficient:
flt M (6) where q and B are observed for the test; the other quantities are taken from the match point after the type-curve match. This value of the wellbore sto,age coefficient should be relatively close to the value calculated from the wellbore completion in Step 2. If it is not, it is important to search for a reason, such as washed out sections of the hole, voids connecting with the wellbore, etc.
8. Estimate formation transmissibility:
where C is from Eq. 6. 9. Estimate the skin factor from
Although we feel this method is an improvement over other type-curve matching methods presented in the literature, it is still not exact. Values of kh/ p. may be uncertain within about a factor of three, as illustrated in the Examples Section. This uncertainty occurs because of the similarity in shape of the type curves and the possibility of matching two or three 796 curves to the same data. The calculated value of the skin factor will probably be inexact, also. However, the skin factor calculated from Eq. 8 should indicate the relative amount of damage or improvement.
This curve-matching approach will give a much more accurate value of formation transmissibility if the wellbore storage coefficient and skin factor are known independently. Then in the matching process, one has the horizontal alignment from the wellbore storage coefficient and can pick the curve in Fig. 1 that should be matched.
Examples
Example 1 A pressure drawdown test on a new oil well appears to be strongly influenced by wellbore storage. Nevertheless, enough data exist to determine formation properties from the semilog plot. We analyze this test with the techniques presented in this paper, and compare the results with results from the semilog analysis. Table 1 Since we do not know completion details, we cannot use Eq. 3 or 4 to estimate the wellbore storage coefficient. Thus, we must match without this aid. We plot IIp/ Ilt vs Ilt on tracing paper laid over the Fig. 1 grid. Then we slide the tracing paper data plot on Fig. 1, as described in Step 5 of the section on Test Analysis Method, until a good match results. We calculate the wellbore storage coefficient (Step 7) using Eq. 6 and the match data from Fig. 2 : The transmissibility we calculate is within 32 percent of the value from the semilog plot; but the skin factor is off by 50 percent. In spite of the approximate nature of our analysis technique, fairly good results were obtained.
The wellbore storage coefficient, C = 0.0942 RB/ psi, appears to be within reason. If we assume an oil gravity of 30° API (p = 54.7 lb m / cu ft) and that the fluid level is changing, we then calculate Vu = 0.0358 bbl/ft from Eq. 4. This corresponds to about a 6-in.-ID pipe (r ;:::: 0.25 ft), and is not out of line with what little we know about the completion.
Example 2 Occasionally, early-time transient test data show considerable scatter. This happens because normal measurement errors in p and t represent a higher percentage of I1p and !1t at early times than at later times. The scatter may be further amplified by forming the Fig. 3 . In this case we know that rising fluid level storage is important. Using Eq. 4, we estimate the wellbore storage coefficient, C = 0.095 RB/psi. Then we can estimate the location of the horizontal asymptote fromEq.5: Thus, we conclude there is essentially no damage or improvement. .
Example 3
This example demonstrates the magnitude of errors that might occur in using the technique presented here. We analyze the calculated data presented as Fig. 4 by McKinley. 10 The log-log plot of I1p / I1t vs !1t is shown in Fig. 4 , along with two possible typecurve matches. The solid line is the match for the CD e 28 = 10 2 curve of Fig. 1 . The dashed line is for CD e 28 = 10 5 • The shapes of these two curves are very similar; it is not obvious which one, or which curve between, gives the best match. Table 2 compares results calculated from these two matches with McKinley's match and the data he used to calculate his curve. For these calculations we used q = 175 STB/D This example indicates that errors of a factor of 2 to 3 can occur in the permeability calculation. N evertheless, it is encouraging that even though CD e 28 varied by a factor of 10 3 in this example, kh/ fL varied by a factor of only 2. When all other methods fail, it is better to know permeability within a factor of 2 or 3 than not at all. Unfortunately, the uncertainty in skin factor can be worse. If the uncertainty in CD e 28 is lOX, then 'the skin factor will be uncertain by about the additive quantity, 1.15 X. using Fig. 1 . The results given in Table 3 compare quite well with the parameters used by McKinley to calculate the data.
Example 5 Russe1l 6 provides the field data shown in the type curve of Fig. 6 . These data are also used by McKinley in his Example F -2."0 Since there are no data points at very early times, these data are difficult to analyze. Equally good data matches can be obtained using the In spite of the marginal quality of the data, the most useful results are obtained using the matching procedure presented in this paper. If several CD e 28 curves seem to match the data equally well, then we can estimate a fange of transmissibility. This gives an idea of the accuracy of the results. In this case, we conclude that the transmissibility is between 370 and 640 and that the well is badly damaged. B will be about 6.9 above the value for CD e 2S = 10 2 • The type-curve matching procedure gives a transmissibility value that varies by a factor of 3. Even so, without some kind of type-curve matching procedure, these data could not have been analyzed.
Conclusions
1. The curve-matching technique presented in this paper can be used to estimate formation transmissibility, skin factor, and wellbore storage coefficient from short-time transient test data. The method should not be used if well known semilogarithmic methods can be applied.
2. To use this technique it is necessary that formation porosity, formation thickness, system compressibility, and wellbore radius be known or estimated. The test must involve a known constant flow rate.
3. The type-curve matching technique presented here applies to pressure drawdown, pressure buildup, injectivity, and pressure falloff testing.
4. Results tend to be more accurate if the wellbore storage coefficient, C, can be determined by means independent of the transient test. However, if that is not possible, acceptable results can still be obtained.
5. During this study, we demonstrated numerically that the skin factor can be included with the wellbore storage coefficient in constructing type curves for short-time transient behavior. 
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APPENDIX
This appendix presents the reasoning behind the typecurve plotting technique presented in the paper. We start by defining three dimensionless variables used commonly in reservoir fluid flow.
Dimensionless time:
Dimensionless wellbore storage coefficient:
Dimensionless pressure:
Dimensionless time, dimensionless wellbore storage coefficient, and skin factor (always dimensionless) are usually taken as the independent variables in fluid flow work. Dimensionless pressure is commonly expressed as a function of dimensionless time. It is pos- This paper will be printed in Transactions volume 257, which will cover 1974. 800 sible,8,9 however, to express PD as a function of tv, C v, and s. Adopting this convention and using an approximation given for P D at short time, we write 8 
C
Since Pv is a function of tv, Cv, and s, we suspect from Eqs. A-5 and A-6 that a plot of PDCV/t D VS tD/CD should give a family of curves parametric in CD and s, with all curves asymptotically approaching PvCv!tv = 1 at small tV/CD. This indeed happens, but the number of curves is so great that the plotting approach seems to be of little value.
The multitude of curves can be reduced to one family of curves by defining an effective wellbore radius. 1, 17 In terms of this effective wellbore radius, the dimensionless storage and time terms become (A-7) and (A-8)
Note that Eqs. A-7 and A-8 can be substituted into Eqs. A-5 and A-6 without changing the latter equations, since the e 2S terms cancel. The family of type curves in Fig. 1 is a plot of the group in Eq. A-5 vs the group in Eq. A-6 with CD e 28 as the only parameter. In Fig. 1 , we omit the numerical coefficient from Eq. A-6 to simplify calculations.
The inclusion of the skin factor term in the wellbore radius, and hence in C v and tv, has been suggested as an approximation by other authors.",9,17 We get an understanding of why this approximation works from the long-time approximation for the functional relation between tD, s, and PD. At long times, the well- Note that this is the same as Eq. A-9 with tD replaced by tve 2S and the skin term omitted. If we use this modified dimensionless time and the modified dimensionless wellbore storage of Eqs. A-7 and A-8, then the skin factor is correctly included in both the shorttime (Eq. A-5) and the long-time (Eq. A-lO) expressions for P v· It is not so simple to show analytically that this can be done for intermediate times. However, the numerical results obtained in our study compared well with Ramey's' and McKinley's"0 data for dimensionless times greater than 100, showing that this can be done with reasonable accuracy.
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